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Abstract

Management of rectal cancer has markedly evolved over the last two decades. New technologies of staging have allowed a more precise definition of tumor extension. Refinements in surgical concepts and techniques have resulted in higher rates of sphincter preservation and better functional outcome for patients with this malignancy. Although, preoperative chemoradiotherapy followed by total mesorectal excision has become the standard of care for locally advanced tumors, many controversial matters in management of rectal cancer still need to be defined. These include the feasibility of a non-surgical approach after a favorable response to neoadjuvant therapy, the ideal margins of surgical resection for sphincter preservation and the adequacy of minimally invasive techniques of tumor resection. In this article, after an extensive search in PubMed and Embase databases, we critically review the current strategies and the most debatable matters in treatment of rectal cancer.  
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved. 
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Core tip: Rectal cancer management is currently a multidisciplinary effort, which incorporates new concepts and technologies, resulting in significant improvement in patients’ oncological and functional outcomes. Despite the evolution reported in the last decades, there are still many unanswered questions about treatment of rectal cancer. In this article, we critically analyzed the main controversial matters in current rectal cancer management.
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INTRODUCTION
In the last two decades there have been significant changes in evaluation and management of rectal cancer. Incorporation of new technologies of staging and new therapeutic concepts has improved oncologic and functional results in patients with this malignancy. Treatment of the disease has become a multidisciplinary effort, which depends upon the integration between oncologists and colorectal surgeons. The goal of this article is to analyze the main controversial matters in current rectal cancer management.

LITERATURE SEARCH 
We performed a literature search using PubMed and Embase databases up to September 2013. The following MeSH search terms were used: rectal cancer, tumor staging, total mesorectal excision, radiotherapy, chemoradiotherapy, neoadjuvant chemo-radiotherapy, ‘watch and wait’, surgery and sphincter preservation. These terms were applied in various combinations to maximize the search. Only articles written in English were included. Additional searches of the embedded references from primary articles were performed to further improve the review. 
ANATOMIC DEFINITIONS
Some anatomic concepts are essential for planning rectal cancer therapy (Figure 1). The rectum is the segment of the large bowel located between the sigmoid colon and the anal canal. Its upper limit is generally located at the level of the sacral promontory, roughly corresponding to a point where the taeniae coli spread out and can no longer be distinguished. For practical purposes, it is accepted that malignant tumors located within 15 cm from the anal verge (using a rigid proctoscope) should be diagnosed as rectal cancers. Below the peritoneal reflection, the rectum has no serosal layer and is surrounded by a circumferential fatty sheath known as mesorectum. It contains the perirectal lymph nodes, which usually represent the first sites to which rectal tumors disseminate[1,2]. 

PRETREATMENT EVALUATION AND STAGING
The process of staging a rectal cancer starts with a careful physical examination. Digital examination of the rectum, along with proctoscopy, should determine degree of tumor fixation, percentage of the circumference involved, distance of the tumor form the anal verge and likelihood of sphincter preservation. Vaginal exam may reveal direct tumoral invasion. Inguinal lymph nodes should be examined if tumor arises from the lower third of the rectum. According to the the American Society of Colon and Rectal Surgeons 2013 guidelines[2], for preoperative staging a complete colonoscopy should be performed, if the tumor is not obstructive, for histologic confirmation of the diagnosis and to rule out proximal synchronous lesions. In cases in which a full colonoscopy cannot be performed, a preoperative double-contrast barium enema or a computed tomography (CT) colonography may be used. Alternatively, for patients with incomplete preoperative colonoscopy, intraoperative colonoscopy may be used as an effective method to detect synchronous lesions[3].
In order to complete pretreatment staging, a CT scan of the thorax and abdomen and pelvis, and the measurement of serum carcinoembryonic antigen are recommended[2]. Once distant metastases have been ruled out, the most important factor to define the strategy of treatment to be adopted is the locorregional staging. Tumor node metastasis (TNM) system, as recommended by the American Joint Committee on Cancer, is currently the most widely used system for staging rectal adenocarcinomas (Tables 1 and 2)[4]. 

There is considerable controversy on what is the ideal method to evaluate local extent of the tumor. Although CT scan is no longer considered the modality of choice, it can be used in patients with primarily advanced T-stage tumors (accuracy of 79% to 94%). Accuracy fells to 52% to 74% when smaller and less advanced tumors are analyzed[5-9]. Endorectal ultrasound (EUS) and magnetic resonance imaging (MRI) with either endorectal or increasingly phase array coils are currently the modalities of choice for the local staging. EUS is considered more precise (T-stage accuracy ranging from 75% to 95%), as compared to MRI (T-stage accuracy ranging from 59% to 95%). However, the efficacy of EUS is limited in stenotic or large bulky lesions which cannot be traversed by the probe[10-12].

Evaluation of perirectal lymph nodes is still a major controversial matter, particularly because metastases can be found in normal-sized lymph nodes[13,14]. According to a meta-analysis of 90 studies[15], none of the three imaging modalities were significantly superior in defining lymph node involvement. Sensitivities and specificities of the exams were as follows: CT (55% to 74%), EUS (67% to 78%), and MRI (66% to 76%).

TREATMENT CONTROVERSIES
Local excision
Despite limitations of the imaging exams, they are essential to define the strategy of treatment to be adopted. Tumors classified as T1 with no evidence of nodal involvement may be amenable to local excision, depending upon some specific criteria. These include: well to moderately differentiated carcinomas, measuring less than 3 cm in diameter, occupying less than a third of the circumference of the rectal lumen, with no lymphatic, vascular or perineural invasion[16,17]. Using these selection criteria, it can be achieved 10-year overall survival rates of 84% and disease-free survival of 75%[18].

There are currently two main techniques for local excision. The first one is transanal resection which consists of excision of all layers of the bowel wall, including perirectal fat, with disease-free margins of at least one centimeter. It is a procedure that colorectal surgeons are familiar with, however its indication is limited to tumors located within 8 cm from the anal verge[19]. The second method is transanal endoscopic microsurgery (TEM), which utilizes a special proctoscope with a 3D binocular optic and a set of endoscopic surgical instruments that permit resection of tumors located up to 20 cm from the anal verge. To this moment, there few studies comparing TEM with transanal resection or with radical surgery[20,21]. However, the published trials have suggested the techinique is relatively safe, usually with minor complications. 

It is important to take into account that even in well-selected patients (cT1N0), the risk of lymph nodes metastases can reach 10%. The most challenging aspect in selecting patients for that sort of treatment is that the preoperative staging is remains limited in defining precisely tumor invasion and nodal involvement. Considering that the local recurrence rate may vary from 26% to 47% for T2 lesions, a radical resection must be indicated for patients with these lesions. However, if the patient is a poor surgical candidate, we could alternatively recommend complementary chemoradiation to reduce the risk of local recurrence[18].
NEOADJUVANT TREATMENT
According to the current evidence, tumors classified as TNM stage II or III (T3/T4, N1/N2) should receive neoadjuvant treatment before radical resection[22]. Two main options of preoperative therapy have been proposed. The first is short-course radiotherapy, which is considered the treatment of choice in North-European countries and Scandinavia. The second option is the so-called long-course preoperative chemoradiotherapy, which is the favored treatment in most European countries and in the United States. Characteristics and results of the main trials investigating the neoadjuvant strategies in rectal carcinoma are presented in Table 3.
Recently, the German Rectal Cancer Study Group published results of their trial after a median follow-up of 11 years[31]. Overall survival at 10 years was 59.6% in the preoperative arm and 59.9% in the postoperative arm (P = 0.85). The 10-year cumulative incidence of local relapse was 7.1% and 10.1% in the preoperative and postoperative groups, respectively (P = 0.048), representing a small absolute reduction of long-term local recurrence (3%). No significant differences were detected for 10-year incidence of distant metastases (29.8% and 29.6%) and disease-free survival.

A recently published meta-analysis[32] assessed effectiveness and safety of neoadjuvant radiotherapy in rectal cancer. The authors searched several database, analyzing randomized controlled trials comparing either neoadjuvant therapy vs surgery alone (17 trials including 8568 patients) or neoadjuvant chemoradiotherapy vs neoadjuvant radiotherapy (5 trials including 2.393 patients). Neoadjuvant radiotherapy decrease local recurrence (HR 0.59; 95%CI: 0.48-0.72) compared to surgery alone even after total mesorectal excision. It has marginal benefit in overall survival (HR 0.93; 95%CI: 0.85-1.00), but was associated with increased perioperative mortality (HR 1.48; 95%CI: 1.08-2.03). Neoadjuvant chemoradiation improved local control as compared to radiotherapy alone (HR 0.53; 95%CI: 0.39-0.72), but both treatments had no influence in long-term survival.

One of the potential advantages of the neoadjuvant treatments is the possibility of tumor shrinkage, which, in theory, could increase the chance of performing a sphincter saving surgery. This hypothesis has been investigated in several trials using different regimens of preoperative treatment[30,33]. Recently, Gerard et al[34] published the results of a well-conducted systematic review on the impact of the neoadjuvant treatments in sphincter preservation. Seventeen randomized trials published between 1988 and 2009 were analyzed. The rate of sphincter saving surgery increased from 30% for the patients operated in the 80’s[18] up to 77% in 2008[15]. However, in none of the main trials analyzed (except three trials with low number of patients) it was possible to demonstrate a significant benefit of the neoadjuvant treatment on the rate of sphincter preserving surgery. According to the authors, this increase in sphincter preservation appears to be the result of new technologies and changes in surgical concepts, such as incorporation of total mesorectal excision (TME) and the techniques for very low anastomosis. 
These findings are in line with a previous study by Bujko et al[35] in which 10 randomized trials were reviewed. These studies included 4596 patients in whom preoperative chemoradiotherapy resulted in tumor shrinkage in the neoadjuvant arm as compared with the control arm. As acknowledged by the authors, there were several difficulties in comparing the studies, including different preoperative radiochemotherapy schemes, duration of the interval between radiotherapy and surgery and patient populations. Despite these limitations, it was concluded that preoperative radiotherapy does not have a positive impact on the rate of anterior resection and sphincter preservation.

"WAIT AND SEE" APPROACH
In about 10%–20% of patients with rectal cancer who receive preoperative chemoradiation, a pathological complete response (pCR), characterized by absence of viable tumor cells within the surgical specimen, can be expected[36]. According to a systematic review and meta-analysis of the literature, patients with pCR have better oncologic outcomes as compared with those presenting a less marked response to chemoradiation, including better rates of local recurrence, distant metastases, disease-free and overall survival at 5 years[37].

According to some authors, it is therefore valid to think that patients whose tumors have been sterilized by chemoradiation would have no additional benefit from a subsequent radical resection. In 1998, Habr-Gamma et al[38] from Brazil proposed the “wait and see” policy for patients who achieve what they called complete clinical response (cCR) after neoadjuvant treatment. They evaluated 118 patients treated by preoperative CRT (50.4 Gy and concurrent 5-FU and leucovorin for 3 consecutive days on the first and last 3 d of radiotherapy). All patients underwent repeat evaluation and biopsy of any suspected residual lesions or scar tissue. Thirty-six patients (30.5%) were classified as being complete responders. In only six of these patients, complete response was confirmed by the absence of tumor in the surgical specimen. In the other 30 patients, a complete response was assumed by the absence of symptoms and negative findings on physical examination, biopsy and imaging tests during a median follow-up of 36 months. Out of the later group, eight patients presented local failure, demanding salvage resection. The outcome for patients without recurrence was similar to that of patients found at surgery to have achieved a pCR. The authors concluded that about 26% of their patients could be spared from surgical resection using that conservative strategy of management. 

In subsequent publications Habr-Gamma et al[39] repeatedly reported favorable results. In 2006, they reported the outcome of 361 patients with distal rectal cancer managed by neoadjuvant chemoradiation. One hundred twenty-two patients were considered to have complete clinical response and were not immediately operated on. Of them, 99 patients sustained complete clinical response for at least 12 mo and were considered stage c0 (27.4%). There were 13 recurrences, but only six of these cases had local recurrent disease. Overall and disease-free 5-year survivals were 93% and 85% respectively.

Such good results, however, could not be reproduced by other groups. Nyasavajjala et al[40] reviewed pathologic results of patients operated on for rectal cancer after long course neoadjuvant chemoradiotherapy in two different tertiary British hospitals. One hundred and thirty-two consecutive patients were treated between 2002 and 2007. Only 13 out of 132 (10%) of patients had a complete pathological response, representing one-third of the cCR previously reported. They concluded that nonsurgical therapy for rectal cancer according to Habr-Gama algorithm of treatment may only be effective in a very small proportion of patients and could not be recommended. As shown in Table 4, there is a wide variation among studies in the rates of local recurrence for patients with cCR to chemoradiation who were not submitted to a subsequent rectal resection. 
Recently, Glynne-Jones and Hughes[36] conducted a systematic review of studies evaluating non-operative treatments and the “wait and see” strategy in rectal cancer. Most studies were retrospective and there were no randomized phase II or phase III trials. In all they could evaluate nine series, including 650 patients: 361 patients from the Habr-Gama series and 289 patients from the eight remaining series. The results in terms of cCR and local recurrence reported in the Brazilian series were clearly superior. However, there were significant heterogeneity among studies in terms of treatment regimen, methods of assessment used to define a cCR (digital exam, biopsy or imaging tests) and the follow-up strategy used. The authors concluded that evidence for the “wait and see” policy comes mainly from a single retrospective series, which included highly selected cases. Results obtained in patients with small rectal cancers cannot be extrapolated at this moment to patients with more advanced tumors where nodal involvement can be anticipated.

The main obstacle to implement the “wait-and-see” policy is the current lack of accuracy of the tests in determining whether there has really been a complete pathological response[36]. Due to changes in pelvic tissues after radiotherapy (edema, inflammation, fibrosis) it is very difficult to assess whether an apparent clinical response will eventually translate into a complete pathological response. Digital exam, proctoscopy and imaging tests (endoanal ultrasound, MRI or positron emission tomography-CT) are still imprecise for detecting microscopic tumor deposits within the rectum and perirectal lymph nodes[47]. Thus, the non-surgical approach remains experimental at this moment. Prospective multi-institutional controlled studies based on uniform inclusion criteria are needed to define the efficacy and risks of this form of treatment.

RADICAL SURGICAL APPROACH
Surgery remains as the cornerstone curative treatment for rectal cancer. Sphincter preservation must be seen as a secondary objective, which should not compromise oncological adequacy of resection. Radical surgical treatment for rectal cancer, which consists of the resection of the rectum and lymphadenectomy, includes two main procedures: low anterior resection (LAR) and abdominoperineal resection (APR). In LAR, the anal sphincter complex is preserved and it is possible to restore intestinal continuity. In APR, the anal sphincters are resected en bloc and it is necessary to construct a definitive colostomy. Currently, LAR is the most commonly used surgery for the rectal cancer, while APR is applied in cases where it is not possible to get free margins without resecting the anal sphincter complex[48].

As a rule, the lower is the level of a rectal cancer, the worse is its prognosis. In a series[49] in which 2136 patients underwent radical surgeries with TME, the local recurrence rate was 15%, 13% and 9% for tumors located in inferior, medium and superior rectum, respectively. The correspondent five-year survival rates were 59%, 62% and 69%. The rate of local recurrence was 10% in patients submitted to LAR compared with 15% for patients submitted to APR. In addition, the five-year survival rate was 68% for LAR and 55% for APR. A similar study[50] analyze patients who underwent radical surgeries without any adjuvant therapy. The mean rate of local recurrence rate was 18.5% (19.3% for APR and 16.2% for LAR). There is currently strong evidence in literature showing that LAR and APR have similar long-term oncological results when appropriate surgical margins can be assured. 
A diverting ostomy is strongly recommended for patients undergoing a LAR, particularly when a low anastomosis is constructed. A meta-analysis[51] of 4 randomized controlled trials and 21 non-randomized studies, including 11429 patients, showed more favorable results in patients with a diverting ostomy as compared with those without a protective stoma. Meta-analysis of the randomized trials showed a lower rates of clinical anastomotic leak (risk ratio 0.39; P < 0.001) and reoperation (risk ratio 0.29; P < 0.001) in the stoma group. Similarly, meta-analysis of the non-randomized studies demonstrated lower rates of clinical anastomotic leak (risk ratio 0.74; P < 0.001), reoperation (risk ratio 0.28; P < 0.001) and mortality (risk ratio 0.42; P < 0.001) in the stoma group. A protective ostomy may be either a colostomy (usually in the transverse colon) or an ileostomy. The latter is more frequently used because it is technically easier to reverse and less associated with stoma prolapse. Usually, the ileostomy reversal is undertaken within 8 to 12 wk after the primary rectal resection[52].

DISTAL MARGIN OF RESECTION
At present, a distal mural margin of 2cm is considered the standard for rectal cancer resections[2]. One cm distal margin is accepted for low rectal tumors, if it is necessary to avoid an APR[2,53-56], because distal intramural spread occurs over 1 cm in only 4%-10% of the cases[57,58]. Ueno et al[59] demonstrated in a retrospective analysis of 80 patients who underwent APR that intra-mural distal spread occurs in 10.6% of the patients. In only 2.3% of the cases tumor cells can be found within less than 1cm from the tumor, mainly in poor differentiated carcinomas. There are some authors that accept margins even shorter than the 1 cm[60]. In a recent meta-analysis evaluating 17 studies including 7097 patients the local recurrence rate was only 1% higher in the group of patients with distal margins less than 1 cm when compared to the group with distal margins measuring more than 1 cm (95%CI: 0.6-2.7, P = 0.175). They were not able to find a statistically significant difference in either local control or survival with margins of less than 1 cm. Analysis of a subgroup of patients with negative margins as close as 5 mm to the lower tumor border suggests it can be safely adopted in histologically favorable tumors[60]. To this date, however, there is no study establishing valid criteria for selecting patients to resection with less than 1 cm distal margin. 

TOTAL MESORECTAL EXCISION
TME was proposed and made popular by Heald et al[61] in 1982, being recommended for tumors of the mid and lower rectum. It consists of complete excision of all the mesorectal tissue evolved by the visceral layer of endopelvic fascia, which must be kept intact and the circumferential margins not compromised. TME is based on the observation that viable tumor cells can be found within the mesorectum as far as 3 to 4 cm from the tumor lower border[62,63]. The technique consists of sharp dissection without the use of blunt instruments (including fingers) on the natural avascular plane between visceral and the parietal endopelvic fascia layers. That dissection requires the removal of the Denonvilliers fascia, especially when the tumor is anterior. The hypogastric and parasympathetic pelvic nerves must be preserved, avoiding better urinary and sexual disfunction. Circumferential margins should be widely resected to reduce rates local recurrence[64,65]. 

Since the introduction of TME, the five-year survival rates increased from 45%-50% to 75% and the local recurrence rates decreased from 30% to 5%-8%[66]. It is not necessary, however, to perform a TME in upper rectal tumors. Resecting a 5 cm distal margin of the mesorectum below the inferior tumor edge (partial mesorectal excision) is enough in those cases[62]. 

SPHINCTER PRESERVATION IN ULTRA-LOW RECTAL TUMORS
Sphincter preservation remains a challenge in low rectal tumors. Whenever safe distal margins cannot be achieved, an APR is still the treatment of choice. However, for tumors located within 6 cm from the anal verge some conservative surgical procedures may be attempted[67,68]. In the ultra-LAR (uLAR), the rectal transection is performed transanally, with straight view to the inferior tumor board, and a manual coloanal anastomosis (CAA) is performed. Another alternative is the intersphincteric resection (ISR), in which the internal anal sphincter is partially or totally resected in order to obtain appropriate longitudinal and radial margins[68]. 

Recently, Rullier et al[68] have tried to standardize surgical treatment for the inferior rectal tumors, proposing a new classification of these tumors according its location and degree of sphincter invasion. They subdivided low rectal tumors into four categories: Type I (supra-anal tumor): inferior tumor board located more than 1 cm from the anal ring; Type II (juxta-anal tumor): inferior tumor board is located ≤ 1 cm distant from the anal ring; Type III (intra-anal tumor): there is internal sphincter invasion; and Type IV (transanal tumor): when there is external sphincter or levator ani muscle invasion. In this study, Type I cancers were treated through a conventional CAA, that was a Park procedure, including anal mucosectomy above the dentate line and preservation of the anal internal sphincter. Type II tumors underwent partial ISR to achieve sphincter-preserving surgery with 1 cm distal resection margin. Type III lesions had a total ISR removing the whole of the internal sphincter. Type IV lesions were treated through APR. Using that classification, the authors operated 404 cases, with local recurrence rates of 6%, 5%, 9% and 17% respectively for the types I, II, III and IV (P = 0.186). Only 50% of the patients had good fecal continence while 11% had a severe fecal incontinence. Besides, 6% of their patients needed definitive colostomy due to postoperative fecal incontinence. As the authors recognized, results of their retrospective series need to be confirmed in prospective clinical trials. 

Whenever a very low colorectal anastomosis is performed, the rectal reservoir is lost and it can result in the so-called anterior resection syndrome (soiling, urgency, multiple defecation). In this context, it is interesting to observe that some studies demonstrated that the quality of life of patients who have undergone uLAR may be inferior when compared to the one of patients submitted to APR[69]. Functional results of ISR are recognizably suboptimum[68,70], with only 50% of patients maintaining fecal continence after two years[68,71]. Thus, ISR must be considered for patients with adequate sphincteric function, as demonstrated by manometric evaluation of anal sphincters, and for those that can accept that functional results may be suboptimum. 
SURGICAL SPECIALIZATION 
The specialization degree of the surgeon is an important prognostic factor for the treatment of colorectal cancer. Patients operated by surgeons specialized in colorectal surgery have better outcome[72]. Regarding the rectal cancer, some studies confirm the influence of surgical specialization on the prognosis. In a population based audit[73] with 8219 cases, patients who have undergone elective proctectomies by colorectal surgeons obtained higher sphincter preservation rates as compared to the ones operated by general surgeons (OR = 1.42; P = 0.018). In a historical cohort study[74] involving five general hospitals with 683 patients operated on with curative intent, cancer-free five-year survival rate was significantly higher in the group operated by colorectal surgeons (HR 1.5; P = 0.03). Similarly, a recent review and meta-analysis[75] demonstrated that patients operated by colorectal surgeons presented a lower rate of permanent ostomy (RR = 0.7; 95%CI: 0.53-0.94). In addition, in a retrospective study[76] with 384 consecutive rectal cancer patients, the results were significantly better when patients were operated by colorectal surgeons. After multivariate analysis, the five-year survival was 77% for patients operated by specialists and 68% for the patients operated by general surgeons. There was also a better local control as well as a higher rate of sphincter preservation in patients operated by specialists. 

MINIMALLY INVASIVE SURGERY 
Current evidence indicates that laparoscopic TME has equivalent oncological results as compared to open TME, when performed by experienced laparoscopic surgeons[2]. Most studies reported similar oncological results when comparing both techniques[77-81]. In a meta-analysis[82] involving 17 trials with 3158 patients with rectal cancer submitted to curative operations there was a statistically significant difference in the average number of recovered lymph nodes (laparoscopy = 10, open = 12, P = 0.001). However, it had no impact on the clinical outcome of the patients. Furthermore, there was no difference in the radial, proximal or distal margin status between the groups. In the CLASICC Trial[83], a single-institution clinical trial with 253 patients, the incidence of positive radial margins was 12% in the laparoscopic LAR group vs 6% for the open LAR one. That difference, however, was not statistically significant and there was no difference regarding local recurrence within five years.

Four prospective trials including 886 patients have reported no significant difference in disease-free or overall survival between the laparoscopic and open groups with a follow-up ranging from 37 to 113 mo[77-80]. In the COLOR II trial[84], a multicenter randomized clinical trial with 1,103 patients, there was no significant difference between the open surgery group and the laparoscopy group in relation to radial and distal margin status and in the number of recovered lymph nodes. A definitive answer regarding the safety and effectiveness of the rectal cancer laparoscopic surgery, however, still depends on the results of multicenter studies such as ACOSOG-Z6051 trial[85], currently conducted in the United States.

The recent introduction of the robotic surgical system has revolutionized the field of minimally invasive surgery. It provides several technical advances in relation to laparoscopic surgery: better ergonomics, stable camera control, high-definition three-dimensional vision, filter of physiologic tremor and human wrist-like motion of robotic instruments[86]. Robotic technology also eliminates the fatigue associated with conventional laparoscopy and offers more comfort to the surgeon[87]. Another advantage of robotic surgery is a shorter learning curve when compared to laparoscopy, although cost of robotic surgery is significantly higher [88]. 

Several technical issues of the robotic surgery, however, should be carefully taken into account. There is a loss of tactile sensation with the robotic approach, which results in lack of tensile feedback to the surgeon. It can cause excessive traction of tissues and damage to anatomic structures, particularly during the initial experiences with the technique. Operative time is usually longer using the robotic system as compared with the laparoscopic approach, particularly because docking and separation of the robotic instruments from patient is a time consuming procedure. The patient’s surgical position cannot be modified without undoking the robotic instruments, which may result in prolonged operative time and potential delay in conversion to open surgery if it is eventually necessary[88,89]. 
Recent studies have compared robotic surgery to laparoscopy for the treatment of rectal cancer. A meta-analysis[89] with 854 patients has demonstrated that the conversion rate to open surgery was significantly lower in the robotic approach when compared to the laparoscopic surgery (OR = 0.26; 95%CI: 0.12-0.57, P = 0.0007). In that study, there was no significant difference between the groups regarding operative leght, hospital stay, postoperative complications, number of recovered lymph nodes and positive radial/distal margin status. In another study [90] including 84 patients who have undergone uLAR, the robotic surgery showed a lower conversion rate to the open procedure (robot, 2.1% vs laparoscopy, 16.2%, P = 0.02) and shorter hospital stay (robot, 9 d vs laparoscopy, 11 d, P = 0.011). There was no significant difference between the groups in rates of local recurrence and overall survival within 3 years. The robotic system has been improving rapidly and has been successfully used even in complex surgical procedures such as uLAR with CAA and ISR[91]. Even showing some potential advantages in relation to laparoscopy, the role of the robotic surgery for the rectal cancer treatment has not been defined yet, still requiring further studies with longer follow-up period.
CONCLUSION
Rectal cancer management is currently a multidisci​plinary effort, which incorporates new concepts and technologies, resulting in significant improvement in patients’ oncological and functional outcomes. Despite the evolution seen in the last decades, there are still many unanswered questions about the management of rectal cancer. We still await results of large multi-institutional prospective trials to define some of the most important and controversial points, such as safety and efficacy of the “wait and see” approach and the definitive role of laparoscopic and robotic surgery in rectal cancer. 
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Figure 1 Rectal anatomy.

Table 1 Tumor node metastasis clinical classification (colon and rectum cancer)
	TX
	Primary tumor cannot be assessed

	T0
	No evidence of primary tumor

	Tis
	Carcinoma in situ: intraepithelial or invasion of lamina propria

	T1
	Tumor invades submucosa

	T2
	Tumor invades muscularis propria

	T3
	Tumor invades subserosa or into non-peritonealized pericolic or perirectal tissues

	T4
	Tumor directly invades other organs or structures and/or perforates visceral peritoneum

	 T4a
	Tumor perforates visceral peritoneum

	 T4b
	Tumor directly invades other organs or structures

	Nx
	Regional lymph nodes cannot be assessed

	N0
	No regional lymph node metastasis

	N1
	Metastasis in 1-3 regional lymph nodes

	 N1a
	Metastasis in 1 regional lymph node

	 N1b
	Metastasis in 2-3 regional lymph nodes

	 N1c
	Tumor deposit(s), i.e., satellites, in the subserosa, or in non-peritonealized pericolic or perirectal soft tissue without regional lymph node metastasis

	N2
	Metastasis in 4 or more regional lymph nodes

	 N2a
	Metastasis in 4-6 regional lymph nodes

	 N2b
	Metastasis in 7 or more regional lymph nodes

	M0
	No distant metastasis

	M1
	Distant metastasis

	 M1a
	Metastasis confined to one organ [liver, lung, ovary, non-regional lymph node(s)]

	 M1b
	Metastasis in more than one organ or the peritoneum


AJCC: American Joint Committee on Cancer[4]. 
Table 2 Tumor node metastasis stage grouping (colon and rectum cancer)
	Stage 0
	Tis
	N0
	M0

	Stage I
	T1,T2
	N0
	M0

	Stage II
	T3,T4
	N0
	M0

	Stage IIA
	T3
	N0
	M0

	Stage IIB
	T4a
	N0
	M0

	Stage IIC
	T4b
	N0
	M0

	Stage III
	Any T
	N1,N2
	M0

	Stage IIIA
	T1,T2
	N1
	M0

	
	T1
	N2a
	M0

	Stage IIIB
	T3,T4a
	N1
	M0

	
	T2,T3
	N2a
	M0

	
	T1,T2
	N2b
	M0

	Stage IIIC
	T4a
	N2a
	M0

	
	T3,T4a
	N2b
	M0

	
	T4b
	N1,N2
	M0

	Stage IVA
	Any T
	any N
	M1a

	Stage IVB
	Any T
	any N
	M1b


AJCC: American Joint Committee on Cancer[4]. 

 Table 3 Major neoadjuvant therapy trials
	Reference


	n
	Treatment arms
	Local recurrence rate
	Overall survival rate

	Upsala Trial[23]

	471
	Arm 1 (236): preoperative RT (25.5 Gy delivered

in 5-7 d)

Arm 2 (235): postoperative RT (60 Gy delivered

in 8 wk)


	5 yr of follow-up

Arm 1: 12%

Arm 2: 21%

P = 0.02


	5-yr survival rate

Arm 1: 42%

Arm 2: 38%

P = 0.42

	Stockholm I Trial[24]

	849
	Arm 1 (423 patients): 25 Gy during 5-7 d

followed by surgery

Arm 2 (421 patients): surgery alone
	Median follow-up time

of 107 months

Arm 1: 14%

Arm 2: 28%

P < 0.01


	Median follow-up time of 107 mo

No significant difference between groups

	Swedish Rectal Cancer Trial[25]

	1168
	Arm 1 (553 patients): preoperative RT - 25 Gy delivered in five fractions in 1 wk, followed by surgery

Arm 2 (557 patients): Surgery alone


	5 yr of follow-up
Arm 1: 11%

Arm 2: 27%
P < 0.001


	5-yr survival rate

Arm 1: 58.0%

Arm 2: 48.0%
P = 0.004



	Dutch TME Trial[26]

	1861
	Arm 1 (924 patients): preoperative RT (5 Gy × 5 d) followed by TME

Arm 2 (937): TME alone
	2 yr of follow-up

Arm 1: 2.4%

Arm 2: 8.2%
P < 0.001


	2-yr survival rate

Arm 1: 82.0%

Arm 2: 81.8%
P = 0.84



	Stockholm II Trial[27]
	557
	Arm 1 (272): preoperative radiotherapy (25 Gy

in one week) followed by surgery within a week

Arm 2 (285): surgery alone


	Median follow-up was

8.8 yr
Arm 1: 12%

Arm 2: 25%

P < 0.001
	Median follow-up 8.8 yr
Arm 1: 39%

Arm 2: 36%

P = 0.2


	German Rectal Cancer Study Group[28]

	823
	Arm 1 (421 patients): preoperative CHRT:

50.4 Gy/28 fractions/5 fractions weekly

and fluorouracil (continuous infusion) in first

and fifth week of RT. TME after 6 wk
Adittional 4 cycles of FU every 4 wk
Arm 2 (402 patients): postoperative CHRT

(same as in Arm 1 except a 5.4 Gy boost in RT)


	5 yr of follow-up

Arm 1: 6.0%

Arm 2: 13%

P = 0.006


	5-yr survival rate

Arm 1: 76.0%

Arm 2: 74.0%

P = 0.80



	Polish Rectal Cancer Trial[29]

	312
	Arm 1 (155 patients): preoperative RT

(5 Gy × 5 d) followed by TME at 7 d after RT

Arm 2 (157 patients): preoperative RT (45 Gy/25 fractions/5 wk) + 2 cycles of chemotherapy on weeks 1 and 5 of RT followed by TME 4-6 wk later. The cycle consisted of leucovorin + fluorouracil both administered as rapid infusion on 5 consecutive days


	4 yr of follow-up

Arm 1: 9%

Arm 2: 14.2%

P = 0.170


	4-yr survival rate

Arm 1: 67.2%

Arm 2: 66.2%

P = 0.960



	MRC CR07 and NCIC CTG C016[30]

	1350


	Arm 1 (674 patients): short-course radiotherapy

(25 Gy/5 fractions) followed by surgery.

Arm 2 (676 patients): initial surgery with selective postoperative chemoradiotherapy (45 Gy in 25 fractions plus 5-fluorouracil) restricted to patients with involvement of the circumferential resection margin.
	3 yr of follow-up

Arm 1: 4.0%

Arm 2: 10.6%

P < 0. 01
	Estimated 5-yr survival rate

Arm 1: 70.3%

Arm 2: 67.9%

P = 0.40


RT: Radiotherapy; TME: Total mesorectal excision; CHRT: Chemoradiotherapy; FU: Fluorouracil.
Table 4 Locoregional recurrence in patients with complete clinical response who did not proceed to rectal resection n (%)
	Reference
	Number of patients
	T2 (%)
	Radiotherapy
	Chemotherapy
	Complete clinical response
	Locoregional recurrence

	Nagakawa et al[41] 
	52
	No
	45–50.4 Gy, 28 fractions, 38 d 
	Fluorouracil + leucovorin
	10 (19.2) 
	8 (80) 

	Habr-Gama et al[42] 
	360
	Yes (14) 
	50.4 Gy, 28 fractions, 5-6 wk
	Fluorouracil + leucovorin
	99 (27.5) 
	6 (6) 

	Lim et al[43] 

	48
	T1/t2 (33) 
	Mean 50 Gy, 25 fractions


	Fluorouracil

	27 (56) 

	11 (23) 


	Hughes et al[44] 

	58
	No

	45 Gy, 25 fractions, 33 d 

	Fluorouracil + leucovorin
	10 (17)


	6 (60) 


	Dalton et al[45] 

	49
	No
	45 Gy, 25 fractions, 33 d 

	Capecitabine
	12 (24)


	6 (50) 


	Maas et al[46] 
	192
	Yes (24) 

	50.4 Gy, 28 fractions, 6 wk

	Capecitabine
	21 (10.9)


	1 (5) 



